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out  of  plane  metal loporphyri ns 
d1 nuclear  metal loporphyri ns 


A broad  review  on  current  progress  In  chemistry  of  organometalloporphyrl ns 
Is  reviewed.  An  emphasis  was  placed  on  the  development  of  metal locarbonyl 
porphyrins,  dinuclear  metal loporphyri ns  and  •Skewered  metal loporphyri ns f. 
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OrganoMtaUoporphyrlna  in  goneral 
talnlng  nt  loMt  on«  diroct  BOtal- 
1)  eotttalnloc  an  adanoayl  group  11 
flrat  axanpla  of  a naturally  oc- 
curring orgaao«*tallocorrln 
eoaplax  (alnllar  to  organo- 
Mtalloporphyrina  in  nolaeular 
atruetura)  and  tha  firat-toovn 
atabla  organocobalt  dariva- 

Tha  datamlnatlon  of 
tha  atruetura  of  tha  rltanln 
B,-  coancyM  hy  x-ray  cryatal- 
ISgmphy  prouptad  aavaral 
atuUaa  of  tha  aynthaaia  and 
propart iaa  of  cobalt-alkyl 
eoHSOunda*—  Johnaon  and  hla 
axtandad  thair 

atudiaa  to  tha  porphyrin  aariaa 
hy  raaet^oo  of  pyridinohroiao- 
eobalt  ( ni  )aetloporphj'rin-I 
alth  a rariaty  of  alkyl-  and 
aryl-aagnaalun  halidaa  in  an- 
hydroua  l,2-diwtbo:qrathana 
(DNB)  to  glra  tha  corraapondlng 
alkyl-  and  aryl-cobalt (III) 
dariaatlraa.  Sthyl  and  P- 
tolyl-lron(IIl)  dariyatiraaT 
of  aatloporphyrln-I  vara  alao 
praparad  hy  a alnllar  nathod. 

Iba  firat-rov  tranaitlon  natal 
darlTatiraa  of  organonatallo- 
porphyrlna  aara  thua  aynthaaixad 
for  tha  flrat  tlna.  In  an 
altamntlTa  aynthaaia,  Johnaon 
and  hla  co-aorkara  aara  alao 
abla  to  prapara  tha  identical 
alkyl  cobaltdlDaatloporphyrlt- 
I conplaxaa  aa  that  nantlonad 
gboaa,  hy  reduction  of  cob^t 
(Il)aatloporphyrln-I  alth  ll 
aodluB  aMalgan  In  OMI  to  fom 
chbaltd)  apaclaa,'  ahlch  than 
react  with  alkyl  halidaa  to 
flaa  tha  final  producta.  Thin 
nathod  ana  aiao  uaad  for  the 
prapamtion  of  hydroxyalkyl- 
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♦(MCO).  « 


usi  Of  cr(co)g  ro«  iremioii  of  cr**  to  pp 
ncuio:  2 

ar*  rctaliMd  ^ tb»  Mtalt  la  tb*  acv  Mtalloporphyrln  eoapil«Ma. 


Vf  rMctlon  of  dlrbmlua  teearbooyl, 
■Moporphjrrln  IX  dlaothylcttor 
co-worlwri  hav*  •ueeoatfully 


Ito.CCO),.,  or  dlt«ehMtl«a  daeaearbooyl , Te(CO)..,  vlth 


r,  H.KPIXIME,  ln”r«fluxlng  docalln  under  arfoo,  TsutMliw  hit 
preplrad  two  unusual  rbanluM  organeMtalloporpbyrlna  . 
(l-IV)lto(CO).,  I,  and  MP(Re'(CO).].,  II,  a pair  of  tachnatlua  orcanoawtalloporphyrlaB,33i3)* 
(R-IV)vft(C07,,  in,  and  MP(Te(ro7.1-.  Zy.  and  a alxad  rhanliai  tachnatlua  orsanoaatallopor- 
phyrla'*''’,  (OCTJaaPIetCO),,  V.  A il^la  erfatal  Xiiray  diffraction  analjralt  of  ii-(acAo- 
tatr^haiqrlpor^laatojblaftricarbonylrhaaluad)],^  TPPlRatCO)^]^,  T(^,  (fl<ura  3),  haa  i 


thown 


Porphyrin -Tridentale  Ligand 


R)rphyrin-Hexad«ntcrte  Ligand 


notmx  3 

that  aach  rhanlua  Ion  Is  bonded  to  three  nltrocen  atoas  and  that  two  rhenlua  atoas  are 
bonded  to  one  porphyrin  on  opposite  sides  of  the  plane  of  the  porphyrin  aolpcule. 


The  BStal  Ions  In  these  coaplexes,  sit  out  of  the  plane  of  the  porphyrin  aolecule. 

The  aoaorhaolua  and  aonotechnetlwi  coaplexes,  \ sad  m,  where  the  porphyn^  Mlety  acts  as 
a trldentate  ligand,  reseable  flelscher's  proposed  "S^tlng-atop  coaplex"3»tW  and  are  good 
aodels  for  the  latemedlates  In  the  Insertion  of  a natal  Ion  Into  porphyrin  i*”  The  dlrhen- 


!«■,  dltechnetlta,  and  mixed  rhenlua-teehnetlwi  organoaetalloporphyrln  coaplexes, 
and  n,  where  the  porphyrin  aolety  acts  as  a bexadentate  ligand,  are  exsaplea  of  the  first’ 
Isolated  stable  hoao-  and  hetero-dlnuelear  organoaetalloporphsnrln  coaplexes. The 
aoBorhealsB  porphyrin  coa^lex,  ^ ntliaint  decalln  to 

fDfa  tto  dlrhealia  porphyrin  eos^lex,^  and  the  azSted  rhenltai  techaetltai  porphyrin  coa- 
plex,33  respeetlwely.  Replaeeaent  of  the  |iyT^le_^roton  (lU)  of  the  aonorhenlta 
yorpliyrin  CMlex  by  other  aetal  Ions  such  as  Ag  , Rg^,  and  fb^,  haa  reeulted  la  unstable 
eeaiMemes.^  The  aonetechhetliai  porphyrin  coaplex.  III,  (figure  b),  behares  la  a different 
aMaer  by  dlsprepertlenatlag  to  fan  a dlteehaetliai  porphyria  caaplex,  and  the  free 
porphyria,  R-WnsW,  by  heating  la  refluxing  decalln^  . This  unusual  coordination  phen- 
enaea  baa  aesar  been  reported.  Ruch  a rea^l«  was  not  obserred  on  heating  aonorhenlta 
perphyrla  coaplex,  In  refluxing  decalln.^ It  seeae  that  both  the  rhealta  and  tech- 
netlM  dtaetalloporphyrln  coaplexs  are  are  thesaodynaaleally  more  stable  than  the  aono- 
astalloporphyrln  coaplexes,  because  a reverse  reaction  of  MPlN(C0)j]2  to  (R-IV)-N(CO)j, 


(iMIa  or  Te),  eould  not  bo  tetoetod  botooow  ir(N(00),],  and  R, 
for  oltiwr  tba  rbonlun  of  toebnotiun  dlnotoUoporptqrrlR  eooplJ 


nOORI  b 

flavanMBro-dopMdant  ^ aar  apoetml  ebaa«ao  far  RTma(OO).  and  Rma(CO),  dlaoelaad  In 
ltl»R«8-^atraobloratbaBO  ohowad  fluirtonal  baharlor  of  Ra(CO)^  group.  This  phanoMOon  la  ba( 
ai^ialnad  bar  tba  Intraaolaeular  raarranganant  of  tba  natal  eurbonpl  group  anoog  tba  four 
ring  nltregona  of  porptaln  and  alao  aovoaant  of  tba  R-R;  it  ean  alao  ba  ragardad  aa  aa  latra* 
■olaaular  oubatltutlon  at  rbaalw  or  paebaatlua.  (Flgura  b).39 


Wo  baaa  prapirad  a now  aalt  tppa  eoa^laa  of  porpbarrlna,  noooeatlon  octaatbylporpbyrln  trl' 
«»-balogano  bawoBarbomrldlibauatad)  fron  tba  raaetlon  of  Ra(CO).Cl  and  R.OO  In  a 2tl  no: 
rattio  la  doealia.  Tba  atruetiva  of  tba  eo^^ax  uaa  aliMldatad  bj  tba  x^rajr  dlffraetlon 
analpala  aatbod,  (Rlgura  J).^ 


HWCTWI  or  (H30CP)'*^[1la2(COj)a,]~R20 
fXOCRI  9 

[lto(00).],Trr  baa  boon  onldiaad  bp  Ibd.  la  dlebloroaatbaaa  to  plaid  [Ra(00),Cl]2Trr  • 2SbCl 
and  (lRofoS),]plo(CO),Cl]  • IbCl^.  da  a^rap  datamlaatlon  of  tba  atnietura  of  tbfaa  eoaplaml 
prgylddd  daflalta  aaidanca  for  a "akaaarad  eeaplax”,  that  la  a natalloporpbala  In  ubleh 
a nabal  natal  band  oxlata  tbrooRb  tba  ”bola"  of  tba  aaereapela,  (Plgura  6).^ 

TWO  dlffaraat  natboda  vara  a^iliiiail  hii  Rlalaabor  and  bla  eo^rorkara  In  praparlag  tba  rbodlw 
and  IrldlM  perpbprln  eoaplama.'  Zn  ona,  tba.fraoblp  praparad  natal  earbonpl  balldoa, 
tRb(00),a].  and  |Zr(CO),a],  vara  allovad  to  raaet  vttb  tba  porpbgrrlaa  In  glacial  acatle 
acid  aalntlia  to  fan  tbf  raapaetlva  natalloporpbprlna , (Mgara  T).  la  tba  aaeoad  natbod, 


First  Skewered  Complex  (Rodicol  MetoHoporpI^) 


laucnoe  bchimx  roe  xiodum  poitnimv 

PRXTAraD  m Xr(CO),Cl 


■iMMi  iM  ri#Ti  9.  •tfomart  to  »ir-.  rtf  ««•  dowl/  esl41t«4  to  farm  • rMlwdll) 

ckloro  Mivlos  of  oct— tlqrXyerylqrrlo,  • 21.0.  «4Uek  eon  nirthor  rooet  with 

hUgrl  llthlw  to  (Iwt  an  alkTl-rhodlM  eoa^loi.  ooothwr^tt— »lo  of  rho41«a  oraMMwtollo- 
yeryNrrlh  lowtwor,  mi  hohowoa  to  o ^Ifforoot  oaoMr  to  (Iww  tho  14oiitleol  olkrl* 

rho41«B  ooovlos  otthor  bjr  coatioMotlM  1*  chlorofera  of  ehrooote«royhy  e«  allleo  ftll 
(n^m^  9),  Ihlo  finoaoaoeo  of  olkjrl  olcrotloo  from  o oltrofo  otea  to  o attol  loo  1« 
roverto4  for  tho  flrot  tlao.  Thr  oUqrl  olcrotteo  mmf  pro€»«4  eooe«rto41jr  with  oxl4otloo  of 
rho41—(I)  to  rho41«M<ZII).  tte  heo4  flooloo  aooao  to  ho  f0ellltoto4  hjr  tho  ol4  of  # 

low.woloot  rho41«a  ion.  1%r  roootleo^of  ( B-othyl )oetootharl»ory»arr lo  with  (Mi(C0),Cl]. 
jrlolBojO  rho4lM(l)  eoivlos  alallor  to  TIilt  which  lo  olao  ooolly  o*141m4  to  CV.nu  * 

• Ml  (Oir).  Iho  ooftioolio  of  ootol  esiiotleo  oo4  olkrl  Kl«rotloo  It  otlll  uoklleiM. 


Beth  r-ithoolw  corhoojrl,  Bit.(OO).,,  and  nithoolM  corhooyl  holl4o,  (Ihi(OO)^.].,  rood  wltl 
totroflMojlferyUao.to  ^ro\ho  tlMtlcol  product,  oeoo«orhcByl-nithowlua(n)^tttr»- 
phoojrl  peryhloo^  * . TTHhaCO,  It  wo*  fouod  that  n erjrotolXlM*  with  a oolocol*  of 

olthor.|lcelMl  of  wotor  aod  that  tho**  woahljr  hoood  ooloeal**  on  fg***  Xo  tho  earhoojrl 
Crowp.  Boeootly.  a *la«l*  errotal  s-ror  dlffroetleo  oaaljr*!*^^*^  eooflnwd  thl*  atnct- 
Xaddaaol*  oad  •lallar  orootlc^hoto*  coo^lo*  Inodlatoljr  at  roeo  toofontun  with 
imhtCO  i^oa  KlxiB«  la  hontooo.*''*  ^ Bowovor,  a*  ospoctod  for  a low  opla  4°  ayataa,  tub> 
otltwtloa  roactlona  of  tho  nonocarhon7lruthaal«al{l)  conplos  toko  plaeo  olowljr  and  ondor 
ooToro  condltlena  to  roplac*  tho  earbonjrl  croiv.  Irradiation  of  dogoaood  hoawno  or 
fWildlao  aolntlen*  of  nonecarhonarl  ntthoalndl)  ootleperphprin-I  pTrldlanto  with  wltlbl* 
of  nltrnwlolot  ll4^  load*  twaatltatlvoljr  to  a nithanln(II)  porphyria  photodlntr  with  a 
natal  Hal  hond.^  It  1*  of  latoroot  that  m«00  la  hontono  oolotlon  ronet*  ynthly  with 
000**0  nitric  odd*  to  fern  * 41altroayl>nith*al«o»(II)  nooo  porphyria  ceo^lox.^ 

Blao*  tlM  onccooofhl  loolatloa  and  pirlflcatlon  of  altrtnoaooi,  tho  oasyM  ayoton  that 
flaao  aoloonlar  altropon  |o  nHonl*  la  llrlac  oraanlanO|^any  otwdlo*  batr*  hoon  and*  to 
find  a altrnfMMoo  nodal.  * flalchor  and  eo-werhan  ^ craatad  a nodal  ayoton  rooB- 


rctnwu  wciABZBM  roR  bedwtior  or  acrtlirb  by  a 

OOMLTdll)  PORPirRIR  STSTSt. 


nooRi  10 

OO^WnnC  hy  unanturntad  hydroncrhona,  an  elofla-eobalt  *-eonyl*x  Intonadlata  waa  pre- 
poaoi**  (flcnr*  11)^^  Racowtly,  tho  fornatlon  of  an  1<1  adduct  batwaon  cebalt(ZZ)  tatra- 
pkonylpovpliirrla,  Co^^TPr,  and  carbon  nooexld*  wa*  ropertad  by  an  oar  atudy  of  a froMn 


soLvorr 


X 


SOLVEMT  JL  ♦ in 


rttoroeiD  nAcncm  nmsDOSiATC  rm  iducp  oupatio 
or  OOBALTdZ)  POrPRYKlI  BT  CTCUXZXXXt 

rxaan  u 

•olvtlea  of  toluaa*.^^  Tte  jiri— ■itl  r lov>spln  eoiVl*«  of  Co^^TPP  bM  a slncla  un- 
palrad  •Icetroe  la  tb«  dz^  orbital  for  o bonding  wltb  carbon  nonoxlda,  vhleh  prorldat  an 
opportunity  for  tba  axaalnatlon  by  aar  of  a apln  daloeallaatlon  to  carbon  Bonozlda. 
Similarly,  tba  rararslbla  binding  of  carbon  nonozlda  to  Iron(ll)  j|otOTiorptayrln  ^ In 
plparldlaa  uaa  Idantlflad  by  Its  aar  apaetrun  In  frosan  solution. 

Iho  o-lstaraetlon  In  carbon  monoxlda  to  matalloporpbyrla  adducts  and  tba  proposad  olafln- 
■atal  a-eo^ax  IntarMdlatas  for  Indttcad  oxidation  of  Cobf^(ll)  porphyrin  by  wsaturatad 
bydreeazbon  and  tba  catalytic  raduetlon  of  acatylana  In  Co  TPPS  and  laBB^  nodal  systan  baa 
brough  naw  axaag)las  of  fomatlon  of  organeawtalloporphyrlna . 

dOaiOIIUmGewgrr-Thla  raaaarcb  was  supportad  la  part  under  a contract  of  tba 
Offlca  of  Baral  Raaaarcb. 
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